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Hemoptysis is the expectoration of blood that originates 
from the lower respiratory tract. It is usually a self-limiting 
event but in fewer than 5% of cases it may be massive, rep-
resenting a life-threatening condition that warrants urgent 
investigations and treatment. This article aims to provide a 
comprehensive literature review on hemoptysis, analyzing its 
causes and pathophysiologic mechanisms, and providing de-
tails about anatomy and imaging of systemic bronchial and 
nonbronchial arteries responsible for hemoptysis. Strengths 
and limits of chest radiography, bronchoscopy, multidetector 
computed tomography (MDCT), MDCT angiography and 
digital subtraction angiography to assess the cause and lead 
the treatment of hemoptysis were reported, with particular 
emphasis on MDCT angiography. Treatment options for re-
current or massive hemoptysis were summarized, highlight-
ing the predominant role of bronchial artery embolization. 
Finally, a guide was proposed for managing massive and non-












of massive hemoptysis, but no specific volume has been universally ac-
FHSWHG)XUWKHUPRUHDODUJHYROXPHRIH[SHFWRUDWHGEORRGDORQHVKRXOG
not define massive hemoptysis, but rather an amount of blood sufficient 
to cause a condition that threatens the patient’s life can be a more cor-
UHFWDQGIXQFWLRQDOGHILQLWLRQRIVHYHUHKHPRSW\VLV
$VSK\[LDGXHWRWKHIORRGLQJRIWKHDLUZD\VUDWKHUWKDQH[VDQJXLQD-
tion is usually the cause of death, and it is commonly accompanied by 
cardiovascular collapse. The mortality rate from untreated massive he-
PRSW\VLVLVPRUHWKDQ7KHUHIRUHSURPSWUHFRJQLWLRQRIVHYHUH
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chial arteries supply nourishment to 
WKHH[WUDDQGLQWUDSXOPRQDU\DLUZD\V
and to the pulmonary arteries (vasa va-
VRUXPZLWKRXWEHLQJLQYROYHGLQWKH
JDV H[FKDQJH  0HGLDVWLQDO O\PSK
nodes and nerves, visceral pleura, 
HVRSKDJXVYDVDYDVRUXPRIWKHDRUWD
and pulmonary veins are also provided 
E\WKHEURQFKLDODUWHULHV
Complex capillary anastomoses exist 
EHWZHHQ WKH SXOPRQDU\ DUWHULHV DQG
WKH V\VWHPLF EURQFKLDO DUWHULHV 
When pulmonary circulation is com-
SURPLVHG HJ LQ WKURPERHPEROLF
disease, vasculitic disorders, or in hy-
SR[LFYDVRFRQVWULFWLRQWKHEURQFKLDO






orders, such as bronchiectasis, chronic 
EURQFKLWLV WXEHUFXORVLVP\FRWLF OXQJ
GLVHDVHVDQGOXQJDEVFHVVDVZHOODVLQ
neoplastic diseases, the release of an-
JLRJHQLFJURZWKIDFWRUVpromote neo-
vascularization and pulmonary vessel 
UHPRGHOLQJ ZLWK HQJDJHPHQW RI FRO-
ODWHUDOV\VWHPLFYHVVHOV7KHVHQHZ
DQG FROODWHUDO YHVVHOV DUH IUDJLOH DQG
SURQHWRUXSWXUHLQWRWKHDLUZD\V
In cases of severe hemoptysis requir-
LQJ WUHDWPHQW WKH VRXUFH RI EOHHGLQJ
RULJLQDWHVIURPEURQFKLDODQGSXOPR-
QDU\DUWHULHV LQDQGRIFDVHV
UHVSHFWLYHO\  ,Q WKH UHPDLQLQJ
of cases, hemoptysis may derive from 
QRQEURQFKLDO V\VWHPLF DUWHULHV 
Very rarely, hemoptysis has been re-





from nonbronchial and pulmonary ar-
teries in the same patient. 
$FFRUGLQJ WR GLIIHUHQW DXWKRUV HWL-
RORJ\RIKHPRSW\VLV FDQQRWEHGHWHU-
PLQHG LQ  WR  RI FDVHV DQG LW
LV GHILQHG DV FU\SWRJHQLF   
Nevertheless, it has been demonstrat-
ed that a proportion of patients pre-
VHQWLQJZLWKKHPRSW\VLVZLWKRXWDQ\
morbidity are smokers, and bleed-
LQJ LQ VPRNHUV VKRXOG EH GHILQHG DV
VPRNHUHODWHG RFFXUULQJ DV D UHVXOW
RI WREDFFRLQGXFHGEURQFKLDOZDOO LQ-
IODPPDWLRQ UDWKHU WKDQ FU\SWRJHQLF
0RUHRYHUZLWKDPRUHV\VWHPDW-
LFXVHRIFKHVWFRPSXWHGWRPRJUDSK\
&7 SDUWLFXODUO\ PXOWLGHWHFWRU &7
0'&7DGHFUHDVH LQ WKHSUHYDOHQFH
RI KHPRSW\VLV ZLWKRXW NQRZQ FDXVH
PLJKWEHH[SHFWHG
Anatomy of the lung arterial blood 
supply 
Bronchial arteries are the principal 




PDO RULJLQ WKDWPD\ OHDG WR HQGRYDV-
cular treatment failure. The bronchial 
DUWHULHV FRPPRQO\ RULJLQDWH IURP WKH
XSSHU SRUWLRQ RI WKH GHVFHQGLQJ WKR-
UDFLF DRUWD 7KH RULJLQ LV GHILQHG RU-
thotopic if the arteries arise from the 
GHVFHQGLQJDRUWDDWWKHOHYHORIWKHYHU-
WHEUDOERGLHVRI7¥7RUDWWKHFDULQD
:KHQ WKH EURQFKLDO DUWHULHV RULJLQDWH
DWRWKHUOHYHOVLQFOXGLQJDRUWLFEUDQFK-
HVWKH\DUHUHIHUUHGWRDVHFWRSLF
Ectopic bronchial arteries commonly 
arise from the inferior aspect of the 
aortic arch, subclavian artery, brachio-
cephalic trunk, thyrocervical trunk, in-
ternal mammary artery, costocervical 
trunk, pericardiophrenic artery, inferi-
or phrenic artery, abdominal aorta, and 
FRURQDU\DUWHULHV
&DXOGZHOO HW DO  UHSRUWHG WKH
PRVWIUHTXHQWW\SHVRIRULJLQRIRUWKRW-




EURQFKL DQG JHQHUDWH D SHULEURQFKL-
DO SOH[XV E\ DQDVWRPRVLQJZLWK HDFK
RWKHU$UWHULROHVIURPWKLVSOH[XV
perforate the muscular layer and create 
a parallel plexus in the bronchial sub-
mucosa. In normal conditions the di-
ameter of bronchial arteries is less than 
PPDWWKHRULJLQDQGOHVVWKDQ
PPPRUHGLVWDOO\ 7KH\DUHXVX-
ally considered hypertrophic and a 
SRWHQWLDO VRXUFH RI KHPRSW\VLV ZKHQ
ODUJHUWKDQPPDWWKHRULJLQ
Hemoptysis may also arise from 
QRQEURQFKLDOV\VWHPLFDUWHULHVZKLFK
enter the pulmonary parenchyma 
WKURXJK WUDQVSOHXUDO DGKHVLRQV GXH
to chronic inflammatory processes 
WXEHUFXORVLV P\FRVLV RU WKURXJK
SXOPRQDU\ OLJDPHQWV  DQG DQDV-
WRPRVH ZLWK WKH SXOPRQDU\ DUWHULDO
FLUFXODWLRQ  1RQEURQFKLDO DUWHULHV
Table 1. Causes of hemoptysis from small vessels
Immunologic and vasculitic diseases  Acute lung allograft rejection
  Antiphospholipid antibody syndrome
  Behçet disease
  Goodpasture’s syndrome
  Henoch-Schönlein purpura
  Isolated pulmonary capillaritis
  Microscopic polyarteritis
  Mixed cryoglobulinemia
  Wegener granulomatosis
Cardiovascular diseases  Mitral stenosis
Coagulatory diseases  Iatrogenic (anticoagulants/thrombolytic agents)
  Coagulopathies
Others  Diffuse alveolar damage
  Lymphangioleiomyomatosis
  Pulmonary capillary hemangiomatosis
  Pulmonary hemosiderosis
  Tuberous sclerosis
  Veno-occlusive disease
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PRVW FRPPRQO\ RULJLQDWH IURP LQIH-
rior phrenic arteries, musculophrenic 
DQG SHULFDUGLRGLDSKUDJPDWLF DUWHULHV
posterior intercostal arteries, thyrocer-




tysis despite appropriate embolization 
RIWKHV\VWHPLFDUWHULHVVXJJHVWVDSXO-
PRQDU\ DUWHULDO VRXUFH RI EOHHGLQJ
.KDOLO HW DO  LQYHVWLJDWHG WKH SR-
tential causes of pulmonary arterial 
KHPRSW\VLVLQFOXGLQJGLVHDVHVFDXVLQJ
necrosis (active tuberculosis, pulmo-
QDU\DEVFHVVDVSHUJLOORVLVDQGQHFURW-
LF OXQJ FDUFLQRPD YDVFXOLWLV %HKoHW
GLVHDVH RU +XJKHV6WRYLQ V\QGURPH




'LDJQRVWLF PRGDOLWLHV IRU VWXG\LQJ
KHPRSW\VLV LQFOXGH FKHVW UDGLRJUDSK\
&;5 EURQFKRVFRS\ 0'&7 0'&7
DQJLRJUDSK\ 0'&7$ DQG GLJLWDO VXE-
WUDFWLRQDQJLRJUDSK\'6$¥
Chest radiography
Even in the most recently published 
papers, CXR is considered the initial 
LPDJLQJ PRGDOLW\ IRU HYDOXDWLQJ D
SDWLHQWZLWKKHPRSW\VLV 
It is quick, inexpensive, and readily 
DYDLODEOH&;5FDQDVVLVWLQODWHUDOL]LQJ
EOHHGLQJ DQG UHYHDO D IRFDO RU GLIIXVH
OXQJ LQYROYHPHQW &;5 PD\ GHWHFW
XQGHUO\LQJ SDUHQFK\PDO DQG SOHXUDO
DEQRUPDOLWLHV  VXFK DV PDVVHV
SQHXPRQLD FKURQLF OXQJ GLVHDVH DW-
electasis, cavitary lesion, and alveolar 
RSDFLWLHV GXH WR DOYHRODU KHPRUUKDJH
$ORFDOL]HGILQGLQJPD\JXLGHIXU-
ther evaluation better than a diffuse or 
ELODWHUDOOXQJLQYROYHPHQW
Nevertheless, the sensitivity of CXR 
LQ WKLVFRQWH[W LVQRWKLJK+LUVKEHUJ
HWDO  UHSRUWHGRQO\SRVLWLYH
GLDJQRVWLF \LHOG IRU &;5 5HYHO HW DO
GHPRQVWUDWHGWKDW&;5PD\LGHQ-
WLI\ WKH EOHHGLQJ VLWH LQ RI FDVHV
DQGWKHEOHHGLQJFDXVHLQRQO\,Q
D VWXG\ E\+HUWK HW DO  QHDUO\ D
TXDUWHURISDWLHQWVSUHVHQWLQJZLWKKH-
PRSW\VLV GXH WR PDOLJQDQF\ VKRZHG
normal CXR. Therefore, in patients 
SUHVHQWLQJ ZLWK KHPRSW\VLV D QHJ-




For many years bronchoscopy has 
been considered the primary method 
IRUGLDJQRVLQJDQG ORFDOL]LQJKHPRS-
W\VLVHVSHFLDOO\LIPDVVLYH
%URQFKRVFRS\ SHUIRUPHG ZLWK HL-
WKHU D ULJLG RU IOH[LEOH HQGRVFRSH LV
KHOSIXOIRULGHQWLI\LQJDFWLYHEOHHGLQJ
DQG IRU FKHFNLQJ WKH DLUZD\V LQ SD-
WLHQWVZLWKPDVVLYHKHPRSW\VLV
$OWKRXJK ULJLG EURQFKRVFRS\ PD\
have a role in massive hemoptysis due 
WRLWVDELOLW\WRPDLQWDLQDLUZD\SDWHQ-
F\  IOH[LEOH ILEHURSWLFEURQFKRVFR-
S\KDVWKHDGYDQWDJHRIEHLQJFDUULHG
RXW DW WKH SDWLHQWªV EHGVLGH ZLWKRXW
anesthesia and in the intensive care 
unit, and is therefore more frequently 
XVHG






LQJ VLWH LQ SDWLHQWV ZLWK PRGHUDWH WR
VHYHUHKHPRSW\VLVDQGWKDQ
LQ WKRVHZLWKPLOGKHPRSW\VLV 
1HYHUWKHOHVV VHYHUH KHPRUUKDJH FDQ
Table 2. Causes of hemoptysis from large vessels
Infectious diseases  Abscess
  Bronchitis (acute or chronic)
  Bronchiectasis
  Fungal infection 
  Parasitic infection
  Pneumonia 
  Tuberculosis/nontuberculous mycobacteria
Cardiovascular diseases  Arteriovenous malformation
  Bronchial artery aneurysm
  Bronchovascular fistula
  Congestive heart failure
  Pulmonary embolism/infarction
  Pulmonary hypertension
  Right-sided endocarditis
  Thoracic aortic aneurysm rupture/dissection
  Septic pulmonary embolism
Congenital diseases  Cystic fibrosis
  Pseudosequestation 
  Pulmonary artery atresia or stenosis
Neoplastic diseases  Bronchial adenoma
  Lung metastasis 
  Primary lung cancer
Vasculitic diseases Behçet disease/Hughes-Stovin syndrome
  Lupus pneumonitis
  Takayasu arteritis
  Wegener’s granulomatosis
Others Chronic obstructive airway disease
  Drug 
  Foreign body
  Iatrogenic (Swan-Ganz catheter)
  Interstitial fibrosis
  Lung contusion
  Pulmonary endometriosis
  Trauma
  Dieulafoy’s disease of the bronchus
  Cryptogenic hemoptysis
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KLQGHU WKHYLVXDOL]DWLRQRI DLUZD\V LQ
particular at the level of distal bronchi. 
Another limitation of bronchoscopy is 
WKDWODYDJHRUWKHXVHRIHQGRVFRSHLW-
self may cause bronchial mucosa irrita-
WLRQDQGUHFXUUHQWEOHHGLQJ





RI WKH SDWLHQWV ZLWK EURQFKRVFRS\
DQGLQZLWK0'&71HYHUWKHOHVV
bronchoscopy yields additional infor-
mation on endobronchial lesions and 
DOORZVVDPSOHV IRU WLVVXHGLDJQRVLVDQG
PLFURELDOFXOWXUHV0RUHRYHUZLWK
bronchoscopy cold saline solution can 
EH LQVWLOOHGGLUHFWO\ LQWR WKHDLUZD\VDW
WKHOHYHORIWKHEOHHGLQJVRXUFHLILGHQWL-
ILHGDQGEDOORRQLQIODWLRQRUODVHUFRDJ-
ulation may be used to control hemor-
UKDJHHYHQWKRXJKWKHHIILFDF\RIWKHVH
procedures is not proved and depends 
PRVWO\RQWKHSUDFWLWLRQHUªVVNLOO
$ UHFHQW VWXG\ E\ /HH HW DO  
demonstrated that bronchoscopy has 
DUHOHYDQWUROHPDLQO\LQSDWLHQWVZLWK
hemoptysis and no explainable lesions 
on MDCT. 
Multidetector CT




SDUHQFK\PD DLUZD\V DQG WKRUDFLF
YHVVHOVE\XVLQJFRQWUDVWPDWHULDO
0'&7PD\LGHQWLI\WKHEOHHGLQJVLWH




SXOPRQDU\ LQIHFWLRQV OXQJ FDQFHU
HWFEHLQJVXSHULRUWREURQFKRVFRS\LQ






Nevertheless, there are some limita-
WLRQV LQFKDUDFWHUL]LQJ OHVLRQV VXFKDV
endobronchial blood clots that may 
PLPLFDWXPRUDQGYLVXDOL]LQJDQHQ-
dobronchial process in the presence of 
DFXWHEOHHGLQJILOOLQJWKHEURQFKLDOOX-
PHQ,QWKHVHFDVHVEURQFKRVFRS\
remains an important complementary 
GLDJQRVWLF WRRO  ,W KDV EHHQ DI-
firmed that the combined use of MDCT 




out before eventual bronchoscopy in 
DOOSDWLHQWVZLWKKHPRSW\VLV
MDCTA is useful to create a detailed 
and accurate map of the thoracic vascu-
ODWXUHWKDWPD\JXLGHIXUWKHUWUHDWPHQW
5HP\-DUGLQ HW DO  GHPRQVWUDWHG
that MDCTA provides more detailed de-
piction of bronchial and nonbronchial 
systemic arteries than DSA. 
In cases of hemoptysis, vessel anal-
ysis should include the bronchial and 
nonbronchial arteries and the pulmo-
nary arterial circulation. A MDCTA of 
the chest performed before treatment 
is of value because the number and 
WKH RULJLQ RI EURQFKLDO DUWHULHV PD\
be carefully evaluated and the coexis-
tence of an additional nonbronchial 
arterial supply may be easily depicted 
WRGHWHUPLQHWKHRSWLPDODQJLRJUDSK-
LF DSSURDFK   5HFRJQLWLRQ RI
more than one arterial supply before 
endovascular treatment in patients 
SUHVHQWLQJ ZLWK PDVVLYH KHPRSW\VLV
ZLOO DVVLVW LQ FKRRVLQJ HFWRSLF YHVVHOV
Figure 1. Four most frequent origins and branching types of the orthotopic bronchial arteries 
at the level of tracheal bifurcation as described by Cauldwell et al. (19). The right bronchial 
artery usually originates from the intercostobronchial trunk (ICBT), which arises from the 
medial aspect of the descending aorta and also provides at least one right intercostal artery. 
The left bronchial artery commonly comes from the anterior aspect of the descending 
aorta. Type 1 is characterized by one right bronchial artery originating from the ICBT and 
two left bronchial arteries. Type 2 has one right bronchial artery from the ICBT and one left 
bronchial artery. Type 3 has two right bronchial arteries, including one from the ICBT and 
the other originating separately from the aorta, and two left bronchial arteries. Type 4 has 
two right bronchial arteries, as type 3, and one left bronchial artery. Scheme modified with 
the permission by Emiliano Visconti, MD, from Yoon W, Kim JK, Kim YH, et al. Bronchial and 
nonbronchial systemic artery embolization for life-threatening hemoptysis: A comprehensive 
review. RadiGraphics 2002;22:1395-1409.
Figure 2. a, b. Flexible fiberoptic bronchoscopy (a) performed in a patient presenting with 
massive hemoptysis, showing the carina with active bleeding from an endoluminal lesion (arrow) 
located distally in the right main bronchus. Axial MDCT image at mediastinal window setting (b) 
demonstrates a soft tissue in the right hilum, abrupting into the lumen of distal main bronchus 
(arrow) and representing a squamous cell carcinoma. Right pleural effusion is also evident. 
a b
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amenable to embolization and in pre-
YHQWLQJ UHFXUUHQFHVRIKHPRSW\VLV DI-
WHULQLWLDOVXFFHVVIXOHPEROL]DWLRQ
The availability of this information 
EHIRUH SDWLHQWªV DUULYDO LQ WKH DQJLR-
JUDSKLF VXLWH UHGXFHV WKH SURFHGXUH
WLPH DQG SRWHQWLDO LDWURJHQLF ULVNV RI
VHDUFKLQJIRUDEQRUPDOYHVVHOVZKLFK
is particularly important for unstable 
patients, and minimizes the contrast 
load and fluoroscopy radiation dose 
IRUSDWLHQWVDQGRSHUDWRUV
In summary, for a comprehensive 
assessment of the potential causes of 
hemoptysis it is advisable to perform 
D0'&7$
Multidetector CT angiography technique 
and imaging findings
0'&7DOORZVWKHVFDQRIDZLGHDQ-





A MDCTA of the thorax can be car-
ULHGRXWGXULQJDVLQJOHEUHDWKKROGLQ
PRVWSDWLHQWVE\XVLQJDDQGDERYH
GHWHFWRU URZ VFDQQHUV DQG FRQWUDVW
material. A contrast-enhanced study is 
PDQGDWRU\ IRU LGHQWLI\LQJ SXOPRQDU\
DQGV\VWHPLFDUWHULDOYHVVHOV,PDJHDF-
quisition should extend from the infe-
rior portion of the neck to include the 
VXSUDDRUWLFJUHDWYHVVHOVWRWKHOHYHORI
UHQDO DUWHULHV FRUUHVSRQGLQJ DSSUR[L-
PDWHO\ WR WKHYHUWHEUDOERG\RI/ WR
LQFOXGHWKHLQIUDGLDSKUDJPDWLFDUWHULHV







JLRQ RI LQWHUHVW VKRXOG EH SRVLWLRQHG




= PP = PP ==





E\KLJKTXDOLW\ UHIRUPDWWHG LPDJHV DW
PHGLDVWLQDOZLQGRZVHWWLQJWKDWDOORZ
WKH LGHQWLILFDWLRQRIRULJLQDQGFRXUVH




PD[LPXP LQWHQVLW\ SURMHFWLRQ 0,3
UHIRUPDWLRQVLQFOXGLQJREOLTXHSODQHV
DUHDFFXUDWHLQSURYLGLQJLPDJHVRIWKH
sinuous course of bronchial and non-
EURQFKLDODUWHULHVIURPWKHLURULJLQVWR
WKHOXQJVEHWWHUWKDQD[LDOLPDJHV7KH
section thickness and the obliquity de-
JUHHRI WKH UHIRUPDWWHG LPDJHV VKRXOG
be adapted to the individual case to ac-
curately represent the vessels involved. 
7KUHHGLPHQVLRQDO YROXPH UHQGHULQJ
“road maps” of the hypertrophic ves-









QDU\ KHPRUUKDJH XVXDOO\ DSSHDUV DV
focal or diffuse hazy consolidation or 
JURXQGJODVVRSDFLW\ )LJ HYHQ
WKRXJK WKLFNHQHG LQWHUOREXODU VHS-
WD VXSHULPSRVHG RQ D EDFNJURXQG RI





$ FRPSUHKHQVLYH UHYLHZ RI FRQ-
WUDVWHQKDQFHG LPDJHV VKRXOG LQFOXGH
the assessment of normal or hypertro-
phic bronchial arteries into the medi-
DVWLQXP E\ LGHQWLI\LQJ WKHLU RUWKRW-
RSLFRUHFWRSLFRULJLQWKHLUFDOLEHUDQG
FRXUVH WRZDUGV PDMRU EURQFKL +\SHU-
trophic nonbronchial systemic collater-
DOVDVZHOODVSXOPRQDU\DUWHULHVVKRXOG
DOVR EH FDUHIXOO\ LQYHVWLJDWHG WR DVVHVV
WKHLUSRWHQWLDOFRQWULEXWLRQWREOHHGLQJ
%URQFKLDODUWHULHVZLWKDQRUPDOGL-
ameter may be visualized at MDCTA 
Figure 3. a–d. Focal and diffuse pulmonary hemorrhage. Axial thin-section MDCT image at 
parenchymal window setting (a) shows a focal well-defined intra-alveolar ground-glass area 
located in the posterior segment of the right upper lobe in a smoker patient with hemoptysis, 
representing parenchymal hemorrhage. Oblique paracoronal reconstruction (b) depicts the 
continuity between the lung abnormality and the posterior segmental and subsegmental bronchi 
filled with intraluminal material, likely indicative of blood. Axial thin-section MDCT image at 
parenchymal window setting (c) demonstrates a right upper lobe non-small cell lung cancer 
surrounded by localized hazy ground-glass opacity, indicating pulmonary hemorrhage secondary 
to tumor bleeding. Diffuse pulmonary hemorrhage (d) in a patient with atrial fibrillo-flutter 
treated with oral anticoagulant drugs, appearing as bilateral parahilar ground-glass attenuation 










WKRUDFRVFRSLF VXUJHU\ IRU HVRSKDJHDO
cancer treatment. 
2UWKRWRSLF EURQFKLDO DUWHULHV DUH
LGHQWLILHGRQD[LDOLPDJHVSDUWLFXODUO\
ZKHQK\SHUWURSKLF DV FOXVWHUV RI HQ-
KDQFLQJQRGXOHVRUOLQHVLQWKHPHGL-
DVWLQXP DW WKH OHYHO RI RU EHORZ WKH
DRUWLFDUFKXVXDOO\FRQQHFWHGZLWKWKH
GHVFHQGLQJDRUWD)LJDE7ZRGL-
mensional  MIP and three-dimensional 
YROXPHUHQGHULQJLPDJHV)LJFG






mm is usually considered abnormal 
and may be an indication for emboli-
]DWLRQDSRRUFRUUHODWLRQEHWZHHQ
bronchial arterial dilatation and risk 
RIKHPRUUKDJHKDVEHHQUHSRUWHG




strated that most bronchial arteries 
FDXVLQJKHPRSW\VLV ZHUH WUDFH-
able at MDCTA, in contrast to those 
QRWFDXVLQJKHPRSW\VLV
Nonbronchial systemic arteries may 
EH FRQVLGHUHG DV FDXVLQJ KHPRSW\-
VLV ZKHQ HQODUJHG YDVFXODU VWUXFWXUHV




lel to the bronchi and this feature dis-
WLQJXLVKHV WKHVH YHVVHOV IURP HFWRSLF
EURQFKLDO DUWHULHV WKDW DOZD\V IROORZ
EURQFKLDOEUDQFKHV)LJ
The pulmonary arteries should al-
ZD\VEH H[DPLQHG WR H[FOXGHSXOPR-
QDU\ HPEROLVP FDXVLQJ KHPRSW\VLV
Pulmonary arteries may also be respon-
VLEOH IRU EOHHGLQJ LQ FDVHV RI DUWHULDO
LQILOWUDWLRQE\QHRSODVWLFWLVVXH)LJ
DQGE\QHFURWL]LQJ LQIODPPDWRU\GLV-
RUGHUV VXFK DV WXEHUFXORVLV  3XO-
monary artery pseudoaneurysms can 
RFFXULQDVVRFLDWLRQZLWKOXQJDEVFHVV-
es, septic emboli, bronchiectasis, and 
OXQJQHRSODVPVDVZHOODVDIWHUWUDXPD
IURP 6ZDQ*DQ] FDWKHWHU SODFHPHQW
and in chronic cavitary tuberculosis 
Figure 5. a–d. Hypertrophic orthotopic right and left bronchial arteries. Axial enhanced 
MDCT images at mediastinal window show right (a) and left (b) bronchial arteries as cluster 
of enhancing nodules below the aortic arch, behind the posterior wall of the main bronchi 
and in the aorto-pulmonary window (white arrows), connected with the descending aorta (a, 
black arrow). Three-dimensional volume rendering images (c, d) better depict on the right side 
(c) the presence of an intercostobronchial trunk that originates from the medial aspect of the 
descending aorta and has a cranial course before its bifurcation into one intercostal artery (white 
arrow) and one right bronchial artery (black arrow) with caudal course, and on the left side 
(d) the short and tortuous course of the left bronchial artery in the aorto-pulmonary window 





Figure 4. a, b. Normal orthotopic right and left bronchial arteries. Oblique MIP images at 
mediastinal window setting show one right (a) and one left (b) bronchial artery arising from 
the medial aspect of the thoracic descending aorta at the level of tracheal bifurcation. The right 
bronchial artery (black arrow) courses below the carina towards the right main bronchus, while 
the left bronchial artery (white arrow) runs parallel to the left main bronchus.
a b
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5DVPXVVHQªVDQHXU\VP7KHVXV-
picion of a pseudoaneurysm should 
ULVHZKHQDQDYLGO\HQKDQFLQJQRGXOH
LV LGHQWLILHG ZLWKLQ D OHVLRQ RQ FRQ-
trast-enhanced CT scans. 
Hemoptysis of pulmonary arterial 
RULJLQPD\EHDVVRFLDWHGZLWKSXOPR-
QDU\DUWHU\DQHXU\VP%HKoHWGLVHDVH
 RU ZLWK 3$90V $OWKRXJK SXO-
PRQDU\DQJLRJUDSK\KDVEHHQFRQVLG-
HUHG WKH §JROG VWDQGDUG¨ IRU GLDJQR-
sis of PAVM, MDCTA has assumed a 
JUHDWHU UROH LQ WKLV UHJDUG  ,QWHU-
HVWLQJO\ 5HP\ HW DO  IRXQG WKDW
contrast-enhanced CT has a better 
SHUIRUPDQFH WKDQSXOPRQDU\DQJLRJ-
UDSK\ LQ LGHQWLI\LQJ 3$90V ZLWK D
VHQVLWLYLW\RIYVRISXO-
PRQDU\DQJLRJUDSK\DQGSURYLGHVD
UHOLDEOH DQDO\VLV RI 3$90DQJLRDUFKL-
WHFWXUHWKDWLVYHU\KHOSIXOLQSODQQLQJ
the treatment option, in particular for 
PDQDJLQJFRPSOH[OHVLRQV




Bronchial arteries are the main source 
RI KHPRSW\VLV 7KH UHFRJQLWLRQ RI DOO
WKH SRVVLEOH RULJLQV RI WKH EURQFKLDO
DUWHULDOVXSSO\DWDQJLRJUDSK\PD\EH
FKDOOHQJLQJ 0RUHRYHU LI DQJLRJ-
UDSK\LVSHUIRUPHGDVWKHILUVWGLDJQRV-
tic step, nonbronchial or extrathoracic 
IHHGHUVPD\ EHPLVVHG RU QRW VRXJKW
DV WKH PDLQ VRXUFH RI EOHHGLQJ 
7KHUHIRUH'6$LVQRZUHVHUYHGIRUFDV-
HV ZKHUH HQGRYDVFXODU WUHDWPHQW KDV
to be attempted and once the other di-
DJQRVWLFVWXGLHVVXFKDV0'&7$KDYH
already been completed. 
%URQFKLDODUWHU\HPEROL]DWLRQ%$(
is not free from complications. The 
most disastrous event is spinal cord 
ischemia. Its prevalence after BAE is 
EHWZHHQDQGDFFRUGLQJ WR
GLIIHUHQW VWXGLHV ß 6SLQDO FRUG
ischemia can occur after inadver-
tent occlusion of the artery of Adam-
NLHZLF] ZKLFK VXSSRUWV WKH DQWHULRU
Figure 6. a, b. Hypertrophic ectopic right bronchial artery. Oblique MIP image at mediastinal 
window (a) and 3D volume rendering image (b) show the ectopic origin of a hypertrophic 
right bronchial artery arising from the concavity of the aortic arch and running towards the 
right hilum (arrows). 
a b
Figure 8. Pulmonary arterial bleeding. 
Contrast-enhanced axial CT image shows a 
large squamous cell carcinoma with extensive 
necrotic component, infiltrating the arterial 
branch of the apical segment of the right 
lower lobe (arrow) and the intermediate 
bronchus in a 55-year-old woman. 
Figure 7. a–c. Hypertrophic nonbronchial arteries. Axial CT image at mediastinal window (a) of a 69-year-old woman with history of tuberculosis shows 
right upper lobe consolidation and enlarged and tortuous right upper intercostal artery (arrows) that courses along thickened pleura and goes towards 
the lesion. Coronal MIP image (b) detects a collateral hypertrophic nonbronchial vessel arising from the right intercostal artery that enters into the lung 
parenchyma with a vertical course (not parallel to the bronchi) and anastomoses with a pulmonary arterial branch (arrows). In the same patient, axial 
MIP reconstruction (c) demonstrates a hypertrophic nonbronchial arterial vessel originating from an enlarged right internal mammarian artery that 
enters into the lung parenchyma with a horizontal course and anastomoses with the arterial pulmonary system (arrows).
a
cb
306 • July–August 2014 • Diagnostic and Interventional Radiology Larici et al.
spinal artery supply in the distal tho-
UDFLF DQG OXPEDU UHJLRQV 7KH$GDP-
NLHZLF]DUWHU\RULJLQDWHV IURP WKHGH-
VFHQGLQJ WKRUDFLF DRUWD DW WKH OHYHOV
RI 7ß7 LQRI FDVHV+RZHYHU
LWPD\RULJLQDWHEHWZHHQ OHYHOVRI7
DQG 7  DQG ZKHQ WKLV YHVVHO LV
YLVXDOL]HG DW DQJLRJUDSK\ HPEROL]D-
WLRQVKRXOGQRWEHFDUULHGRXW $W
MDCTA performed before the emboli-
]DWLRQ$GDPNLHZLF]DUWHU\PD\EHGH-
SLFWHGHYHQWKRXJKLWVILQHFDOLEHU














DV WKRVH ZLWK SUHH[LVWLQJ UHVSLUDWRU\
and cardiovascular comorbidities.
1RZDGD\VVXUJHU\UHPDLQVWKHWUHDW-
ment of choice only in selected cases, 
VXFK DV FKHVW WUDXPD DQG LDWURJHQLF
SXOPRQDU\ DUWHU\ UXSWXUH  ZKLOH
endovascular embolization is consid-
ered the most effective and minimal-
O\ LQYDVLYH SURFHGXUH IRU PDQDJLQJ
massive and recurrent hemoptysis in 
almost all other cases. Endovascular 
embolization may constitute a defini-
tive therapy or it may be used as a tool 
WR VWDELOL]H WKHSDWLHQW EHIRUH VXUJHU\





As the bronchial arteries are respon-
VLEOHIRUPDVVLYHKHPRSW\VLVUHTXLULQJ
WUHDWPHQW LQ RYHU  RI FDVHV 
BAE is the most frequently performed 
endovascular procedure. It promptly 
EULQJV WKH EOHHGLQJ XQGHU FRQWURO LQ
WRRISDWLHQWV
6DPDUDHWDOGHPRQVWUDWHGWKDW
BAE is also an effective tool for man-
DJLQJPDVVLYHFU\SWRJHQLFKHPRSW\VLV
0HQFKLQL HW DO  REVHUYHG LPPH-
GLDWH FHVVDWLRQRI EOHHGLQJ LQRI
VPRNHUSDWLHQWVZLWKQRRWKHUPRUELG-
LWLHVXQGHUJRLQJ'6$DQG%$(0RG-
erate to marked hypertrophic bron-
FKLDODUWHULHVZHUHIRXQGLQRQO\
RIWKHVHSDWLHQWVZKLOHWKHUHPDLQLQJ
 KDG DQJLRJUDSKLFDOO\ QRUPDO
EURQFKLDODUWHULHVRQWKHEOHHGLQJVLGH
This result confirms that normal bron-
chial arteries may also be responsible 
IRUEOHHGLQJLQVPRNHUV
Aside from the immediate control of 
EOHHGLQJ$QXUDGKDHWDO  UHFHQW-
O\GHPRQVWUDWHGWKDW LQSDWLHQWVZLWK
massive hemoptysis due to tuberculo-
sis and post-tuberculous sequelae, the 
effectiveness of BAE tends to decrease 
RYHU\HDUVEHLQJLQWKHILUVW\HDU
DQGLQWKHVHFRQG\HDUDIWHUWUHDW-
ment. Nevertheless, repeated BAE in 
SDWLHQWV ZLWK HDUO\ UHFXUUHQFH LP-
proves the outcome.
Also nonbronchial systemic arteries 
and pulmonary arteries may be subjected 
to an endovascular treatment, if they are 
WKHVRXUFHRIWKHKHPRUUKDJH
Management 
,Q WKLV UHYLHZZHDWWHPSWHG WR FUH-
DWHDSRVVLEOHDOJRULWKPIRUPDQDJLQJ
KHPRSW\VLVDFFRUGLQJWRWKHDYDLODEOH
data in the medical literature. 
3DWLHQWV ZLWK KHPRSW\VLV VKRXOG EH
PDQDJHGEDVHGRQWKHUDWHDQGVHYHUL-
W\RIEOHHGLQJPDVVLYHRUQRQPDVVLYH
and the clinical condition of the patient. 
,QFDVHRIPDVVLYHEOHHGLQJLQXQVWDEOH





CXR is advisable in order to localize 
WKH EOHHGLQJ VLWH 0'&7$ VKRXOG EH
Figure 9. a–c. Oblique MIP image at mediastinal window setting (a) demonstrates a hypertrophic right bronchial artery (arrows) that supplies 
a pulmonary neuroendocrine mass in a 45-year-old man presenting with relapsing hemoptysis. Pre-embolization DSA (b) confirms the blood 
supply of the mass from the right bronchial artery (arrows). Postembolization image (c) shows the disappearance of lesion vascular supply 
(arrows). A subsequent resolution of hemoptysis was observed and eventually the patient underwent surgery. 
a b c
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H[HFXWHGLQDQ\FDVHHYHQLQHPHUJHQ-
F\UHJDUGOHVVRI&;5UHVXOWVGXHWRLWV
XQGLVSXWHG VXSHULRULW\ LQ LGHQWLI\LQJ
WKH EOHHGLQJ VRXUFH DQG WKH SRVVLEOH









LQ DOO RWKHU FDVHV ZLWK SRVLWLYH 0'&-
7$'6$ZLWKDUWHULDOHQGRYDVFXODUHP-





WLRQ UHJDUGOHVV RI WKH FDXVH GHILQLWLYH
WUHDWPHQWWKURXJKVXUJHU\PD\EHSHU-
formed eventually, once the patient is 
VWDELOL]HG
,I0'&7$ LV QHJDWLYH RU UHYHDOV DQ
endobronchial lesion, bronchoscopy 
ZLWK HYHQWXDO WLVVXH VDPSOLQJ LV UHF-
RPPHQGHG   ,I EURQFKRVFRS\
reveals the lesion, artery embolization 
VKRXOG EH WKH QH[W VWHS IROORZHG E\
VXUJHU\ LI UHTXLUHG ,I EURQFKRVFR-
py does not reveal any abnormality, 
D FU\SWRJHQLF PDVVLYH KHPRSW\VLV LV
GLDJQRVHG DQG HPEROL]DWLRQ PD\ EH
LQGLFDWHGSDUWLFXODUO\LQVPRNHUV
Nonmassive hemoptysis
7KH IORZFKDUW IRU QRQPDVVLYH KH-




QRUPDOLWLHV FDXVLQJ KHPRSW\VLV LH
SQHXPRQLDPDVVHWFDUH LGHQWLILHG
WKH GLDJQRVWLF DQG WKHUDSHXWLF PDQ-
DJHPHQWIRUWKHGHWHFWHGOHVLRQVKRXOG





&;5 ,I KHPRSW\VLV GRHV QRW UHVROYH
or recurs, further treatment (medical, 
HQGRYDVFXODU DQG VXUJLFDO VKRXOGEH
FRQVLGHUHG2QWKHRWKHUKDQGLWLVDG-
vised to perform a MDCTA in case of a 
QHJDWLYHRUQRQORFDOL]LQJ&;5SDUWLF-
XODUO\ZKHQ D OXQJ FDQFHU FDQQRW EH
H[FOXGHG
If MDCTA reveals the cause of he-
PRSW\VLV WKH VWDQGDUG GLDJQRVWLF
DQG WKHUDSHXWLF PDQDJHPHQW IRU WKH
XQGHUO\LQJ FRQGLWLRQ VKRXOG EH SHU-
IRUPHG,I0'&7$LVQHJDWLYHDQGWKH
HSLVRGH RI KHPRSW\VLV LV UHVROYLQJ LW
LV SRVVLEOH WR VWRS WKH LQYHVWLJDWLRQ
ZKHUHDV IXUWKHU H[DPLQDWLRQ VXFK DV
EURQFKRVFRS\ LV ZDUUDQWHG LI WKH KH-
PRSW\VLVLVSHUVLVWHQW
In case of a positive result at bronchos-
FRS\ WKH IORZFKDUW IROORZV WKH VDPH
indication as for the above-mentioned 
SRVLWLYHGLDJQRVWLFWHVWV,IDFDXVHFDQ-
not be identified even at bronchosco-
S\DFU\SWRJHQLFKHPRSW\VLVVKRXOGEH
FRQVLGHUHG &OLQLFLDQV VKRXOGZDLW IRU
D VSRQWDQHRXV UHVROXWLRQ RI EOHHGLQJ
Figure 10. Flowchart for managing massive hemoptysis. CXR, chest radiography; MDCTA, 
multidetector computed tomography angiography; DSA, digital subtraction angiography.
Figure 11. Flowchart for managing nonmassive hemoptysis. CXR, chest radiography; MDCTA, 
multidetector computed tomography angiography.
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LQWKHILUVW LQVWDQFHKRZHYHU LQFDVHV





ical, especially in case of massive bleed-
LQJZKLFKUHSUHVHQWVDOLIHWKUHDWHQLQJ
condition.
,PDJLQJ HVSHFLDOO\ 0'&7$ KDV D
PDMRUUROHLQWKLVFRQWH[WDVLWDOORZV
identification of a possible cause for 
WKHEOHHGLQJDQGJXLGHVHYHQWXDOWUHDW-
PHQW E\ SURYLGLQJ D FRPSUHKHQVLYH
DQG DFFXUDWH DVVHVVPHQW RI WKH OXQJ
SDUHQFK\PD DLUZD\V DQG WKRUDFLF
vessels. 
Systemic bronchial and nonbronchi-
al arteries are identifiable on MDCTA 
and play a major role in massive bleed-
LQJ$WKRURXJKNQRZOHGJHRIQRUPDO
and variant anatomy of these arteries 
LVFUXFLDOIRUWKHSODQQLQJRIHQGRYDV-
cular embolization. Currently, arterial 
embolization is the most effective and 
minimally invasive procedure for treat-
LQJPDVVLYHDQGUHFXUUHQWKHPRSW\VLV
pre-embolization MDCTA can reduce 
WKH EOHHGLQJ UHFXUUHQFHV DQG VKRUWHQ
the procedural time.
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